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BenuuuH. - KBanmidikamiiina HaykoBa Ip alis Ha IpaBax p yKOIHUCY .

HucepTariiss Ha 3400yTTS HAYKOBOTO CTyNHeHS JokTopa (Qutocodii 3a
cnemianbHicTIO 122 - KoM’ totepHi Hayku. - Hamionansamii yHiBep cuteT « Oechka

noJTiTexHika» MiHicTep cTBa OCBITH 1 HayKu Ykpainu, Oxeca, 2026.

HucepTariiiiny po060Ty IpHUCBIYECHO PO3POOJICHHIO HEUP OMEPEIKEBUX METOIIB
BUSBJICHHSI, Kiacudikallii Ta JoKai3auii aHoMallil y nmoyisix (pi3MYHUX BETUYMH HA
OCHOBI y3TOJ[>KEHOTO P OCTOPOBO-YACOBOTO MOJAHHS Pi3HOPIAHUX CEHCOP HUX JTAaHUX
BIUTA-matpopmu. HaykoBuili 3MicT poOOTH MOJArae y CTBOPEHHI TaKOro
HEMpOMEPEKEBOr0 TMIAXOAY, 3a SKOTO PIZHOPIAHI BHUMIPIOBAJIbHI MOTOKU
NP €TBOPIOIOTHCSI HA CTPYKTYPOBaHI BX1AHI JaH1 HEHPOHHUX MEpEX, MpUAATHI s
JIOCTOBIP HOT'O BUSIBJICHHS aHOMaUTIH, X KiacuikaliiTa mp oCTOPOBOI TOKaIi3aIlii.

VY BeTyni 0OrpyHTOBAHO aKTyabHICTh AUCEP TAIITHOT p0OOTH, IO TIOB’ sI3aHa 3
HEJIOCTAaTHBOIO PO3POOJICHICTIO HEUPOMEPEKEBUX METO/IIB BUSBIICHHS aHOMATIA y
noJIsiX (PI3MYHUX BEJIMYMH 32 PI3HOPIAHUMHU CEHCOpHUMU aaHuMu. [lokaszano, 1m0
3aCTOCYBaHHS HEHP OHHUX MEP €K € TIep CIIEKTUBHUM JIJIsI 3a]1a4, y SIKUX aHOMaJlisl He
CHOCTEp Ira€eThecsl O6€3Mocep eAHbO, a MP OABIIETHCS Yep €3 CIAa0KO BUP AKEH1, HEJTIHIMHI
Ta 3allyMJICHI BIIXWUJIEHHS IPOCTOPOBOIO, YaCOBOTO ab0 TP OCTOPOBO-YACOBOTO
po3noauty (G13UIHOTO MO Bl JOHOBOTO CTAHY.

HaykoBa mpobnema aucepTamiifHOTO JOCIIIKCHHS TOJISITae y HEIOCTaTHIN
P O3pOOICHOCTI HEUP OMEPEKEBUX METO/IIB BUSBIICHHS aHOMAIIN y TOIAX (BI3MIHNX
BEIMYMH 3a PI3HOPIAHUMU CEHCOPHUMH AaHUMH. (711 KOpEKTHOro HaBYaHHS Ta
3aCTOCYBaHHS HEMPOHHUX MEPEX Taki JaHi MaloTh OyTH TMOJaHI y BUTJISI
y3TOJI)KEHOTO ~ MPOCTOPOBO-YAaCOBOIO 1 CTPYKTYpOBAaHOro  1H(OpMaLiiHOro

P €/ICTaBJIEHHS, OCKIJIbKY CEHCOPHI MOTOKHU P13HO1 (PI3UYHOI TP Upo1u (POPMYIOTHCH 3



pI3HMMH YacTOTaMHU JHUCKpeTH3alii, y pi3HUX opmMaTax 1 CHUCTeMax KOOPIUHAT.
Buznaueno, 1o eheKTUBHICTh HEMP OMEp €KEBOr0 MOIIYKY, BUSBIICHHS, KJTacH(pIKaIli
Ta JIOKaJI13allli aHOMaJIii 3a7eXUTh HE JIUIIE BiJl ap XITEKTYpU HEHP OHHOI Mep €Xl, a i
BIJl SIKOCTI (hOp MyBaHHs il BX1THUX JAHHUX.

VY BCTymi BU3HA4YEHO METYy, 00’ €KT, P €IMET, 3aa4l Ta METOIH JIOCIIKESHHS;
HAaBEJCHO HAyKOBY HOBM3HY M NpaKTUYHE 3HAYEHHS OTPUMAHUX Pe3YJIbTaTIB;
BHCBITJICHO OCOOMCTHI BHECOK 3/100yBada, BIZIOMOCTI IIPO anp odariro, myOJrikariii Ta
CTPYKTYPY AUCEP TAIIITHOI p 00O0TH.

HucepTamiiiHe OOCIIIKEHHS BUKOHAHO y Mexkax npoekTiB HOY Ne
2023.04/0161 (P 0124U003664), C111/5-2024 Bix 28.11.2024 (AP 0124U004854) Ta
HAP 723-43 (AP 0126U001468).

Y  nmepmioMy po3aUll  OpOAHAT30BAaHO CydacHUl CcTaH  mpoOJeMu
HEMp OMEpEKEBOT0O BUSIBJICHHS aHOMATIN Y MOJSIX (PI3UYHUX BEIWYUH, PO3TIISHYTO
Gi3uuHl TPUHIOMOK pOOOTH IMIYyJIbCHUX MeTajourykadiB, TMR-marnirometpis,
MYJIBTHCIIEKTP aJIbHUX Kamep 1 reop aaapis.

[Tokazano, 1m0 IMOYJbCHO-IHAYKIIMHUNA KaHal €  YyTIUBUM O
€JICKTP OMPOBIIHUX BKIIFOYEHb, MATHITOMETPUYHUMN - 10 MATHITHUX HEOTHOP 1/THOCTEH,
reopagapHuii — J10 MiAMOBEPXHEBOI CTPYKTYPH CEp €A0BHINA, @ MYJIbTUCIIEKTPAJIbHI
JlaHl MOKYTb MICTUTH HEMpsMI O3HAKU CTaHy MOBEpXHI. BcTaHOBIIEHO, IO OKpemi
CEHCOPHI KaHaJIu MaroTh Pi3HY 1HPOPMATUBHICTb, P13HI JIXKEpela MOXUOOK 1 Pi3Hi
IIPOCTOPOBO-YACOBI XapaKTePUCTHKM. IX He3ajlekHe BUKOPHCTAaHHA abo HpocTe
MOENHAHHS PE3yJbTaTiB BUMIPIOBaHHS HE 3a0e3meuye JOCTaTHhOI JOCTOBIPHOCTI
MOITYKY, HU3BKOTO PIBHA XHOHMX TPHBOT 1 HEOOXITHOI TOYHOCTI JIOKasi3alfi.
['070BHUM CTpUMYBaJIbHUM UYHMHHUKOM JUISi 3aCTOCYBaHHA HEHpOHHHX MEpEeK
BU3HAYEHO BIZCYTHICTb Y3TO>KEHOI0 IOIaHHS PI3HOPIIHUX BUMIpP I0BaHb, IPUAATHOTO
JU1s HABUAHHS Ta 3aCTOCYBAHHS HEMP OMEPEXKEBUX MOJIETIEH.

Y napyromy po3aut aucepTaiiiHoi poOOTH PO3B’si3aHO 3aj1a4y MiArOTOBKU

PI3HOPITHUX CEHCOP HUX JAHUX J0 HEUP OMEPEKEBOr0 BUSIBJICHHS aHOMaii. OrnrcaHo



mynbTuceHcopHy BIIJIA-mnatrdopmy, sika 3a0e3nedye CHUHXpOHI30BaHE 30MpaHHS
JaHUX Pi13HOT PI3UIHOT MPUPOIU TA IX MO AAIIBIIIE TPUBEIEHHS 10 €UHOTO IPOCTOPOBO-
yacoBOro nojaanHs. [TokasaHo, 1110 BIAMIHHOCTI y YacToTax JUCKpeTU3allii, popmaTtax
CUTHAJIIB, CHUCTEMaX KOOpJWHAT 1 (I3UYHIA HPUPOII BUMIpIOBaHb MOTPEOYIOTH
4aCOBOTO, TIP OCTOPOBOTO Ta CTP YKTYPHOTO Y3T'0HKSHHS 10 MOMEHTY TIOIaHHSI JJAHUX
Ha BX1Jl HEUP OHHUX MEP CK.

Y10CKOHAIEHO METOJ YacOBOTO Y3TOKCHHS PI3HOPITHUX BHUMIpPIOBAJIBHIAX
noTokiB MmynbTHCeHCOpHOI BITJIA-mnardopmu, sikmii 0a3yeTbcs Ha amapaTHIA
NpUB’ s3I CEHCOPHUX KAaHAIIB JI0 CIUIBHOT'O OMOPHOIO CUTHAIY. 3arp OlOHOBAHHI
MeTo1 3a0e3rneuye MpOCTOPOBHM €KBIBAJIEHT MOXHOKM CHHXpOHIZalii 2—4 cM Ta
CTBOPIOE€ HEOOXiAHI YMOBU JJi (OpMyBaHHS KOPEKTHUX BXIJHHUX JaHUX I
HENp OHHUX MEp €K BUSBJICHHS aHOMaJIiil.

Bnepie po3po6i1eHo 4oTUpUBUMIPHY MOJIeNb 1ojas anoMait S(c,X,Y,t) ms
JAHUX IMIyJIbCHOI 1HAYKII, sika (opMai3ye 3aJIeKHICTh CUTHATY Bl MapamerpiB
KaHaJly Np uiiMaHHs, IPOCTOPOBUX KOOPIMHAT TOYKH 30HyBaHHS Ta 4acy p enakcari
BiAryKy. Ha BigmiHy Bil TaOJIMYHOTO 3aMKUCy OKPEMUX BUMIpP IOBaHb, 3aIPONOHOBAHA
Mojaenb 3abe3neuye (GopMyBaHHA CTPYKTYPOBAaHOTO TOJMAHHS BXITHUX JIaHUX
HENp OHHUX MEp €K BUSBIICHHS aHOMAJIIH.

Y 10CcKOHATIEHO METO/T ITP OCTOPOBOI TP MB’A3KU MYJIbTUCECHCOPHHUX BUMIp IOBaHb,
KU IOE€THY € aBTOHOMHY KIHEMATHKY PeajlbHOr0 4acy 3 KUTbKICHUM OOTPYHTYBaHHSIM
TOYHOCTI TeonpuB’si3ku. JlocsrHyTa mpocropoBa nmoxubka 1-8 cm 3abesmeuye
(bopMyBaHHS TEOMETPUYHO Y3T0PKEHOTO TEH30PHOT'O IO IaHHSI TaHUX Ta (DOP My BaHHS
BX1JTHUX JaHUX JJIs HEHP OHHUX MEPEK BUSABICHHS aHOMaITiii. Ha 0CHOBI y3romkeHnx
BUMIpIOBaHb c(hopMOBaHO 14-kaHampHE TeH30pHE momaHHa T(X,y,k) mursxom
THTEP MOJISIIIT PI3HOPITHUX OTOKIB Ha CHUIbHY KOOpauHaTHY citky 10x10 cm. Take
noJaHHsg € YHi(pikoBaHMM OaraToKaHaIbHUM BXOJOM IS HEWUpPOMep exKeBOro

BUSBJICHHS 1 K1acu(IKaIii aHOMaiil.



Y TperboMy po3AUIl AUCEPTAIINHOT POOOTH pO3pO0JICHO HEWpOMEp CKEBUI
METOJl BUSIBJIICHHA Ta Kiacu(ikauli aHoOMaliil y mnonsx (i3UYHUX BEJIWYMH 3a
TEH30P HUM TOJJaHHSM MYJIBTHCEHCOPHUX TaHUX. | €OMETp NIHO y3T0HKEHE TEH30pHE
noaaHHs T(X,y,k) BUKOpUCTAHO K CHUIbHUN OaraToKaHaIbHUM BX1 AJIsl aHCAMOIIO
OJIHOBUMIPHHUX 3rOPTKOBUX HEWPOHHUX MEPEX 1 CTEKIHTOBOTO MeTakiacudikaTopa.
OaHOBUMIPHI 3TOPTKOB1 HEHP OHHI MEp €Ki 0OP 0OJISFOTh YaCOB1 PO3TOPTKH OKP EMHX
KaHaJiB, a CTEKIHTOBHM MeTakIacu(piKaTop MOETHYE PE3yIbTaTH OKP EMHX T'LUTOK JIJIS
NP MAHATTS y3arajlbHEHOTO P IIIIEHHS 1010 HAsIBHOCTI aHOMAUTII.

YnockoHaneHU HEUPOMEPEeKEBUH METOJ, Ha BIAMIHY BT MIXOJIB,
OpIEHTOBAaHMX Ha HE3AJICKHUWA aHANI3 OKPEMHMX CEHCOPpHHUX KaHallB, 3a0e3reuye
CIJIbHE BUKOPHUCTAHHS JAHUX PI3HOT (PI3UYHOT MPUPOJIHU JJIs MOUIYKY aHOMAaTId y
TEMIIl HaIXO0KeHHS BUMIip FoBaHb. Ha He3anexxHux Budipkax orpumano Pd = 0,965 ta
F1=0,952;4acpobotu Heilp oMepexeBOTOo KiacudikaTopa CTAHOBUTH MEHII HIXK 4 MC
HA BEKTOp JaHUX IMIyJdbcHOT 1HAyKMii. [le miaTBepIKye TpUIATHICTH
3aIp OIIOHOBAHOT'O METOAY JIJIsl 3aCTOCYBAaHHS B yMOBaX HaOJIMKEHOTO 10 P €aJIbHOIO
gyacy 00p 00JIeHHSI MyJIbTUCCHCOPHHX JIAHUX.

VY upomy k p o311 HA0YB [OAJIBIIIOT O P 03BUTKY M1IX11 10 TOOY0BU (h13UYHO-
1H(POPMOBAHUX HEHUPOHHUX MEpPEX. 3aIpONOHOBAHO BKIIOYEHHS 10 (PyHKII BTpar
peryiaspu3aliiHuX CKJIa10BHX, 110 BI10OPaXKatOTh CTP YKTYPHI IHBap 1aHTU CEHCOPHHX
CUTHAJIIB, 3aJlaHl JUIOJBHOI MOJIEJUII0 MArHITHOI aHOMaJll Ta MOJEISIMU
0araTOEKCMOHEHUIMHOTO  3aTyXaHHS  BUXpOBUX cTpyMiB. lle  migBuiye
y3arajabHIOBAJIbHY 3JaTHICTh HEHP OHHUX MEp €K MOIIIYKY, BUSIBJICHHS, Ki1acu(iKallii Ta
J0KajIi3aIli aHoMatiii 3a yMOB 0OMEKEHO1 p 03MI4eHOT BHOIp KH.

Y derBepTOMy pO3aUTI AUCEPTAIiitHOI poOOTH PO3MISHYTO (HOPMYBaHHSI
HAaBYAIBHUX BHUOIPOK 1 TUIAaHYBaHHS MICIH JJIsI HEWPOMEPEIKEBOTO BHSIBIICHHSI
aHomaniii. OOIPpYHTOBAaHO CTPYKTypY HaBYaJIbHOTO 3pa3Ka, BHUKOPHUCTAHHSI
1a0oparopHUX 1 MOJBOBHUX JDKEPEN NaHWX, HOPMYBAHHSA 3pa3kiB, (OpMyBaHHSI

CKJIaJJHUX HETAaTHBHMX MPUKIAAIB, OajaHCYyBaHHS KJIACIB 1 IPOCTOPOBO KOPEKTHE



pO30UTTSI BUOIp KU. 3aMIPONOHOBAHO CTP ATET1I0 MOETHAHHS JIAO0paTOPHOr0 HABYAHHS
Ta TOJILOBOTO JOHABYAHHS, IO Ja€ 3MOTY BpaxOBYBaTW JOMEHHUH 3CyB MK
KOHTP OJIOBAHUMU JIAOOPATOPHUMH BUMIPIOBAHHSIMHU 1 pEaTbHUMHU [OJIHOBAMU
JTAHUMU.

PosrasHyTo 3acrocyBanHs (DI3UYHO KOPEKTHOT ayrMEHTAIlll Ta CHHTETHYHHUX
JTaHUX, CPOp MOBAHUX 13 BUKOPUCTaHHAM (P 0BOro ABiHMKA. [Toka3aHo, 1o yacrka
CUHTETHYHHX JaHUX OJM3bKO 25 % y HaBuanbHiM BUOIp i 3a0e3neuye npupict F1 Ha
0,020. Po3pobsieHo 1BopiBHEBY cxemy manyBaHHs micii BITJIA -umatdopmu, 3a sxoi
nonepeaHiii 00T BU3HAYAE 30HU IHTEpeECy, a JIeTalbHE CKaHYBaHHS BUKOHYEThCH
Jaulie B IMX 30HaX. Takud MAXiA Ja€ 3MOTY CKOPOTUTH IUIOUIY JIE€TaIbHOTO
obcrexeHHa Ha 56,3 % 06e3 BTpaTH 1UIbOBOI 1HHOPMATUBHOCTI JJIsl 33424l MOLIYKY
aHOMAJTIH.

VY m’stoMy po3.uTil 1rcep TaliidHo1 poOOTH OMMCAHO MP OTPAMHY P €ajli3alliio Ta
EKCTep UMEHTAJIbHY TIEPEBIPKY HEUPOMEPEKEBUX METOJIB BHUSBJICHHS aHOMATIil
PeanmizoBano mporpamai 3acobm  oOpoOmenHs Pl-curmamiB  iMIyJIECHOTO
MeTaJlolryKadya, MarHiTOMETPUYHUX JaHUX, Te0palapHUX TaHUX, MYJIbTHCEHCOPHOTO
3UTTA, (OpMyBaHHS HaBUYAJIBHUX BUOIPOK 1 TOOYIOBU IHTErpajbHOI KAp TU P U3UKY.
[TokazaHo, M0 IMITyJIbCHO-IHAYKUIMHUIN, MAarHITOMETP UUHUH 1 T€OpalapHUil KaHAIIN
BUKOHYIOTb B3a€MOJIONOBHIOBAJIbHI (yHKLII, a 1IX IHTerpauisi B €JIUHOMY
HEp oMepeKeBOMY KOHBEEP 1 MIJBUIIY € JOCTOBIPHICTh BUSIBJICHHS aHOMAJIIH.

[TonboBi BuUnpoOyBaHHS MiATBEPAWIM MOXJIUBICTh JIOKaJi3amii aHOMamil 13
CAaHTHMETP OBOIO TOUHICTIO P OCTOPOBOi MPUB’si3KU. CUHXpOHI30BaHE 30MpaHHS TAaHUX
BUKOHY€ThCA Ha OopTy BITJIA-mumatdhopmu, a 06pobiaeHHs He mOTpedye Ha3eMHOI
1HGpacTp yKTypH Kopekiiii. Binkputuii HaOip 1a00paTOPHHX 1 MOJIHOBHX BHMIP FOBAaHb
TPUKOTYIIKOBOTO IMIYJIbCHOT'O METaJIoOlIyKaya OIyOJIKOBAaHO B PEMNO3UTOPi
github.com/op-uav-lab/soil-monitor-mlp.

HaykoBa HOBW3Ha nucepTaliiiHoi poOOTHM TOJSrae B OTPUMAaHHI TaKHX

pE3yJbTaTIB:



- YJIOCKOHAJIEHO HEMp OMEpEeKEBUI METO/T BUSIBJIICHHS 1 Ki1acu(ikallii aHOMaTii
y noJisiX (piI3UYHUX BETUYUH 3a MyJIbTHCeHCOpHUMU nanuMu BITJIA -mmatdopmu, sikuit
BUKOPHCTOBYE T€OMETPUYHO y3rojpkeHe TeH3opHe momanHs T(X,y,k) sk crinbHUi
OaraTokaHaIbHUM BXiJ] AJIs1 aHCAMOJITIO OTHOBUMIPHUX 3TOPTKOBUX HEUP OHHUX MEPEXK
1 CTEKIHTOBOTO MeTakiIacudikatopa;

- BIIEpIIIE PO3POOJIECHO YOTHP UBUMIPHY MOJIEb 1O aHoMamin S(c,X,Y,t) mis
JaHUX IMITYJIBCHOT IHAYKII, SKa (opMami3ye 3aJICKHICTh CUTHAY BiJ IapaMmeIpiB
KaHaJly Mp uiiMaHHs, IPOCTOPOBUX KOOPIMHAT TOYKH 30HyBaHHS Ta 4acy p enakcarii
BIZITYKY;

-yIOCKOHAJIEHO METOJ 4aCOBOTO Y3TOJKEHHS PI3HOPIAHUX BUMIPHOBAJILHUX
noTokiB MyJibTUceHCOpHOI BITJIA-mnatdopmu, sikuii Oa3yerbcs Ha amnapaTHii
NpUB’S311 CEHCOPHUX KaHaJIB JI0 CIUIBHOTO OMOPHOTO CHTHaly, [0 3abe3reuye
TP OCTOPOBUIM €KBIBAJIEHT MOXUOKM CHHX P OHI3aIii 2—4 cM;

- YIOCKOHAJIEHO METOJ, MPOCTOPOBOi MPUB’ SI3KM MYJIbTUCEHCOPHHX
BHUMIP IOBaHb, KM MOETHYE aBTOHOMHY KIHEMAaTHKY pe€aJIbHOTO 9acy 3 KUIbKICHUM
0OTp YHTYBaHHSAM TOYHOCTI T'€OTp UB’SI3KH, 110 3a0e3Medye Mp OCTOPOBY MOXHOKY 1—8
CM Ta T€OMETP MUHO y3T0/DKEHE TEH30P HE TIOIaHHSA JaHUX;

- Ha0yB MOJAJIBIIOrO PO3BUTKY MIAX1] 10 MOO0YA0BU (P13UUHO -1HHOPMOBAHUX
HEMPOHHUX MEPEeXK NUIIXOM BKIIOYEHHS 10 (YHKIIl BTpaT peryJisipu3amiiHuxX
CKJIaJIOBHUX, 10 BIIOOP a)KalOTh CTPYKTYPHI 1HBAp1aHTU CEHCOPHUX CUTHAJIIB, 3a]1aHl
JIAMOJIBHO MOJJEJUIF0 MarHiTHOI aHoOMaJIil Ta MOAEIAMH 0araToeKCIOHEHIIIHOIO
3aTyXaHHS BUXP OBHX CTP YMIB.

[IpakTnuHe 3HAYEHHS PE3YJbTATIB TOJISITAE Y MOXKJIIMBOCTI 3aCTOCYBaHHA
pO3pOOICHNX HEHPOMEPESIKEBUX METOMIB BHUSABICHHS aHOMANIM y 3ajadax
TYMaHITaApHOTO PO3MIHYBAaHHS, OOCTEeKEHHSI MOTEHUINHO HEOEe3NMEeYHUX TepHUTOpil,
JUCTAHIITHOTO MOHITOPHUHTY I'PYHTIB, T€0()I3UYHOTO OOCTEKEHHS Ta €KOJIOTTYHOIO
KOHTPOJIIO TEPUTOPIN, 110 3a3HAJIM BIUIMBY OOWOBUX Jii ab0 TEXHOTEHHOTO

HaBaHTa)XEeHHsI. P03po0ieH1 METO 11 4aCOBOTO 1 IPOCTOPOBOTO Y30 IKEHHS CEHCOPHUX



noTokiB, Mouenb S(¢,X,Y,t), TenzopHe mnonanHs T(X,y,k) Ta aHcamOseBuii
HelpoMepexkeBUil Kiacudikatop 3a0e€3MeuyroTh BUSIBICHHS aHOMAaJid y TemIll
HAJIXOJIKEHHS BUMIp IOBaHb.

PesynbTatu nucep TariitHoi p0OOTH BUKOP MCTAHO ITiJ] YaC BUKOHAHHS TP OEKTY
H®Y Ne 2023.04/0161, rpantoBoro HaykoBo-TexHIYHOTO Tip 0ekTy CIII/5-2024 Bin
28.11.2024 Ta HIP 723-43. OcHOBHI pe3yabTaTH AUCEP TaIlli Oy OIIKOBAHO Y ICCITH
HAaYKOBHX IIpaIlsiX, cep e SKUX KOJEKTUBHA MOHOTpadis, 0JTHA CTATTSA y BHIAHHI, IO
IHJIEKCYETbCd HAyKOMETPpUUYHOIO 0a3010 Scopus, OJHa CTaTT Yy HayKOBOMY
nepioAMYHOMY BHUJAHHI 1HIIOT JAeprKaBH, ABl CTaTTi y (PaxOBUX BUAAHHAX YKpaiHu
kareropii «b» Ta MaTepianu Hay KOBUX KOH(Ep SHIIIM.

Knouosi cnosa: HeWpOHHI Mepexi, TIMOOKE HaBYaHHS,3rOPTKOBA HEWpP OHHA
Mepexa,hi3udHo-IHPopMOBaHa HEHMpOHHA Mepeka, aHcaMOJjieBe HaBYaHH,
kinacudikaiis aHoMamid, 3JMUTTS JaHUX, PI3HOPIOHI JaHI, HaBYaJIbHA BHUOIpKa,
mynbTuceHcopHa BITJIA-mnatdopma, 1HTEpHET pedel, IHTENEeKTyallbHl CHUCTEMH,
iHbopMamiiHl TexHoJorii, HaycTpis 4.0—5.0, nucraHIiitHe 30HIyBaHHS TPYHTY,

TyMaHITapHEe P 03MiHyBaHHSL.

CIIUCOK OINYBJIKOBAHUX ITPALLb 3A TEMOIO JTUCEPTA LI
Hayxoei npayi, 6 axux ony6.1iko8aHi 0CHOBHI HAYKOSI pe3yibmamu Oucepmayii:

1. Iadopmarmiiine 3a0e3medeHHsT TUCTAHIIIMHOTO MOHITOPHHTY 3a0pyTHEHHS
IPYHTIB MOBOEHHUX TepUTOPiii : MoHOTpadis/ Automyk C. I'., Ipo3aM. O., Macrnos
O. B.,Tl'amuonkoB O. M., Kouapatee C. b., [llynin O. IO., bapanos O. M., [l]epbakoBa
I'.10., Komytina JI. B., bacskoB I. M., Koctenko B. JI. ;3a pen. C. I'. Anronryk. Oneca,
2026. ISBN 978-617-8814-10-6. DOI: 10.5281/zen0do.20355627. Konexmuena
MOHO2pAQIA.

https://zenodo.org/records/20355627



2. Shunin O. Y., Maslov O. V. Information model of remote sensing of soil
Herald of Advanced Information Technology. 2025. Vol. 8, No. 3. P. 352-365. DOI:
10.15276/hait.08.2025.23. Buoanms in0eKcyemuvcsi HAyKOMempu4Hoo 6a3orw Scopus;
BKIIIOHUEHO 00 NepeniKy HAYKo8ux ¢haxosux udans Ykpaiuu.

https://doi.org/10.15276/hait.08.2025.23

3. Apo3a M. O., Apo3n tO. B., llIynin O. FO. E(dexTuBHICTS HABYaHHS HEUP OHHOT
Mep exi Ha (hopMoBaHUX Habopax 300pakeHb 3 3aJJaHUM piBHEM pi3HOMaHITTsA. Hayka
1 TexHika croroani. 2025. Ne 9(50). C. 1104-1123. DOI: 10.52058/2786-6025-2025-
9(50)-1104-1123. BuoanHs éxkirouero 00 nepeniky HayKosux (paxosux eudams Ykpaiuu,
Kamezopis «by.

https://doi.org/10.52058/2786-6025-2025-9(50)-1104-1123

4. Hlynin O. K., Macimo O. B. AjaroputMu Ta METOAU 3JIUTTIA
MYJIbTUCEHCOP HUX IaHUX NP Y BUSABJICHHI aHOMaJ i 3 Bukopuctanusm BITJIA. Hayxka 1
TexHika cborogHl. 2026. Ne 4(58). C. 4832-4854. DOI: 10.52058/2786-6025-2026-
4(58)-4832-4854. BuoanHs 6xioueHo 00 nepeiKy HayKoeux haxosux sudanv Yxpainu,

Kamezopisa «by.

https://doi.org/10.52058/2786-6025-2026-4(58)-4832-4854

5. Shunin O., Maslov O., Galchonkov O. Building a basic drone equipment set
for conducting research to detect anomalies in soil. International Science Journal of
Engineering & Agriculture. 2025. Vol. 4, No. 5. P. 13-26. DOL
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ABSTRACT

Shunin O. Y. Neural Network Methods for Anomaly Detection in Fields of
Physical Quantities. — Qualifying scientific work on the rights ofa manuscript.

Thesis for the Doctor of Philosophy degree in specialty 122 - Computer Science.
- Odesa Polytechnic National University, Ministry of Education and Science of

Ukraine, Odesa, 2026.

The thesis is devoted to the development of neural network methods for the
detection, classification, and localization of anomalies in fields of physical quantities
based on an aligned spatio-temporal representation of heterogeneous sensor data from
a UAV platform. The scientific contribution of this dissertation lies in developing a
neural network approach in which heterogeneous measurement streams are transformed
into structured neural network input data suitable for reliable anomaly detection,
classification, and spatial localization.

The introduction substantiates the relevance of the dissertation, which is related
to the insufficient development of neural network methods for detecting anomalies in
fields of physical quantities using heterogeneous sensor data. It is shown that neural
networks are a promising tool for tasks in which an anomaly is not observed directly,
but manifests itself through weakly expressed, nonlinear, and noisy deviations of the
spatial, temporal, or spatio-temporal distribution of a physical field from its background
state.

The scientific problem ofthe dissertation lies in the insufficient development of
neural network methods for anomaly detection in fields of physical quantities using
heterogeneous sensor data. For correct training and application of neural networks, such
data mustberepresented as an aligned spatio-temporal structured representation, since
sensor streams of different physical nature are formed with different samplingrates, in

different formats, and in different coordinate systems. It is determined that the



effectiveness of neural network-based anomaly search, detection, classification, and
localization depends not only on the neural network architecture, but also on the quality
of forming its input data.

The introduction defines the aim, object, subject, tasks, and research methods;
presents the scientific novelty and practical significance of the obtained results; and
provides information on the applicant’s personal contribution, conference
presentations, publications, and the structure of the dissertation.

The dissertation was carried out within NRFU project No. 2023.04/0161 (state
reg. No. 0124U003664), R&D project SS/5-2024 dated November 28, 2024 (statereg.
No.0124U004854), and R&D project 723-43 (statereg. No. 0126U001468).

The first chapter analyses the current state of neural network-based anomaly
detection in fields of physical quantities, covering the physical principles of pulse
induction metal detectors, TMR magnetometers, multispectral cameras, and ground-
penetrating radar.

Individual channels (PI, magnetometricc, GPR, multispectral) have
complementary sensitivities but different informativeness, error sources, and spatio-
temporal characteristics; their independent use does not ensure sufficient detection
reliability or localization accuracy. The key limiting factor is identified as the absence
of an aligned spatio-temporal representation of heterogeneous measurements suitable
for training and applying neural network models.

The second chapter addresses preparation of heterogeneous sensor data for neural
network-based anomaly detection. A multisensor UAV platformis described providing
synchronized data acquisition and unified spatio-temporal representation; temporal,
spatial, and structural alignment are required before data are supplied to neural
networks.

A method for temporal alignment of heterogeneous measurement streams of a
multisensor UAV platform has been improved. The method is based on hardware

synchronization of sensor channels to a common reference signal. The proposed



method provides a spatial equivalent of synchronization error of 2—4 cm and creates the
necessary conditions for forming correct input data for anomaly detection neural
networks.

For the first time, a four-dimensional anomaly field model S(c,X,Y ,t) for pulse
induction datahas been developed. The model formalizes the dependence ofthe signal
on the parameters ofthereceiving channel, the spatial coordinates ofthe measurement
location, and the response relaxation time. In contrast to a tabular record of separate
measurements, the proposed model provides the formation of a structured
representation of input data for anomaly detection neural net works.

A method for spatial georeferencing of multisensor measurements has been
improved. The method combines autonomous real-time kinematics with a quantitative
justification of georeferencing accuracy. The achieved spatial error of 1 -8 cm provides
the formation ofa geometrically aligned tensor representation of data and the formation
of input data for anomaly detection neural networks. Based on the aligned
measurements, a 14-channel tensor representation T(x,y,k) was formed by interpolating
heterogeneous streams ontoa common 10%10 cm coordinate grid. This representation
1s a unified multi-channel input for neural network-based anomaly detection and
classification.

The third chapter develops a neural network method for detecting and classifying
anomalies using a tensor representation of multisensor data. The aligned T(x,y k) serves
as a common multi-channel input for an ensemble of 1 D convolutional neural networks;
the stacking meta-classifier combines branch outputs to make a generalized decision.

The improved neural network method, in contrast to approaches focused on
independent analysis of separate sensor channels, provides joint use of data of different
physical nature for anomaly search in near real-time. Independent test samples showed
Pd=0.965 and F1 =0.952; the runtime of the neural network classifier is less than 4
ms per pulse induction data vector. This confirms the suitability ofthe proposed method

for use under conditions close to real-time processing of multisensor data.



In the same chapter, the PINN approach has been further developed by
introducing loss-function regularization terms based on the dipole magnetic anomaly
model and multi-exponential eddy-current decay, improving generalization under
limited labelled data.

The fourth chapter considers training dataset formation and mission planning,
Training sample structure, normalization, hard negative examples, class balancing, and
spatially correct dataset splitting are substantiated; a laboratory -plus-field fine-tuning
strategy is proposed to address domain shitt.

The use of physically correct augmentation and synthetic data generated using a
digital twin is considered. It is shown that a share of synthetic dataofabout25% in the
training dataset provides an F1 increase 0£0.020. A two-level mission planning scheme
for the UAV platform has been developed, in which a preliminary flight determines
areas of interest, and detailed scanning is performed only within these areas. This
approach makes it possible to reduce the detailed survey area by 56.3% without losing
the target informativeness for the anomaly search task.

The fifth chapter describes software implementation and experimental
verification. Software tools for pulse induction, magnetometric, and GPR data
processing and multisensor fusion have been implemented. It is shown that the PI,
magnetometric, and GPR channels perform complementary functions, and their
integration within a unified neural network pipeline increases detection reliability.

Field tests confirmed the possibility of localizing anomalies with centimetre-
level spatial referencing accuracy. Synchronized data acquisition is performed on board
the UAV platform, and data processing does not require ground-based correction
infrastructure. The developed methods were implemented in the practical activities of
Spetsmontazh LLC and OM Energy LLC. An open set of laboratory and field
measurements of a three-coil pulse induction metal detector was published in the

repository github.com/op-uav-lab/soil-monitor-mlp.



The scientific novelty of the dissertation consists in obtaining the following
results:

— theneural network method for anomaly detection and classification in fields of
physical quantities using multisensor UAV data has been improved, using the
geometrically aligned tensor T(x,y,k) as a common input for a 1D-CNN ensemble and
stacking meta-classifier;

— for the first time, a four-dimensional anomaly field model S(c,X,Y ,t) for pulse
induction data has been developed, formalizing signal dependence on receiving
channel, spatial coordinates, and response relaxation time;

— the method for temporal alignment of heterogeneous multisensor UAV
measurement streams has been improved, based on hardware synchronization to a
common reference signal, providing a spatial synchronization error of 2—4 cm;

— the method for spatial georeferencing of multisensor measurements has been
improved, combining autonomous real-time kinematics with quantitative accuracy
justification, achieving a spatial error of 1-8 cm;

— the PINN approach has been further developed by introducing loss-function
regularization terms reflecting the dipole magnetic anomaly model and multi-
exponential eddy-current decay, improving generalization under limited labelled data.

The practical significance of the obtained results lies in the possibility of
applying the developed neural network methods for anomaly search, detection,
classification, and localization in the tasks of humanitarian demining, primary survey
of potentially hazardous territories, remote soil monitoring, geophysical survey, and
environmental control of territories affected by hostilities or technogenic impact. The
developed methods for temporal and spatial alignment of sensor streams, the anomaly
field model S(c,X,Y,t), the multisensor tensor representation T(X,y,k), and the ensemble
neural network classifier provide the formation of correct input data for neural networks

and anomaly detection at the measurementrate.



Theresults of the dissertation were used during the implementation of the NRFU
project No. 2023.04/0161, the grant-funded R&D project SS/5-2024 dated November
28,2024, and R&D project 723-43. The mainresults of the dissertation were published
in ten scientific works, including a collective monograph, one article in a journal
indexed by the Scopus scientometric database, one article in a foreign scientific
periodical, two articles in Ukrainian category “B” professional journals, and conference
proceedings.

Keywords: neural networks, deep learning, convolutional neural network (CNN)),
physics-informed neural network (PINN), ensemble learning, anomaly classification,
data fusion, heterogeneous data, training dataset, multisensor UAV platform, Internet
of Things (IoT), intelligent systems, information technologies, Industry 4.0-5.0, remote

soil sensing, humanitarian demining.
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